The main objective of this study was to improve the DEM produced from SRTM90 by using the interpolation methods existing in MATLAB software. There are three types available of interpolations; bicubic, bilinear, and nearest neighbor interpolation methods. Using these methods does not require much effort or software to produce high DEM resolutions which can be rise up to about or smaller than 10 meters DEM resolution. In the current study, actual data of SRTM90 and SRTM30 was used for a part of USA concerned only with the area between 40ºN to 41º N latitudes and 105º W to 106º W. The MATLAB interpolation methods used in this study can be easily used to sampling SRTM90 files into different types of DEM resolutions which can be easily convert 0.000833 arc-degrees resolution (SRTM90) to 0.000104 arc-degrees or less. The results obtained indicated extremely good improvement by using the bicubic sampling process besides its effortless.
INTRODUCTION
SRTM data are organized into individual rasterized cells or tiles, each covering one degree by one degree in latitude and longitude. Sample spacing for individual data points is either 1 arc-second or 3 arc-seconds defined as SRTM1and SRTM3, respectively. Since one arc-second at the equator corresponds to roughly 30 meters in horizontal extent, the SRTM1 and SRTM3 are sometimes referred to as "30 meter" or "90 meter" data. The 1 arcsecond original data have been made available to the public only for North America.
SRTM rasterized file (*.HGT) may be saved as a GeoTiff file that can be used in MATLAB image processing or used in Geographic Information Systems applications. The GeoTiff file contains coordinate information that will allow MATLAB to accurately resizing or resampling the image in latitude, longitude and elevations. GeoTiff DEMs are similar to Tiff (*.tif) graphics files except that the file contains a grid of 16 bit elevation measurements similar to SRTM DEM files(*.HGT) instead of color pixel values.
Interpolation of GeoTiff image is simply using image processing in MATLAB. The interpolation methods in MATALB introduce low computational cost and low memory. The used algorithms such as the nearest neighbor and bilinear interpolation reveal computational simplicity but distort problems particularly in edge regions [25] . Linear approaches are used most frequently in spite of being nonlinear methods due to better effect of bicubic interpolation.
Several studies had evaluated the role of SRTM in improving the DEM resolution [12] where the authors presented a practical use of SRTM data in the tropics and compared it with digital elevation models generated from cartographic data. They found that SRTM three arc-second DEMs performed well for hydrological modeling.
Vertical accuracy of the SRTM and DTED level 1 was evaluated where SRTM and DTED-1 were not typical for plane regions. Sloping regions presented a greater mean error than the plane ones [16] . The necessary steps to improve the resolution of SRTM 30 using variograms modeling and kriging were reported and compared with those obtained by regularized splines [6] .
In addition, a methodology for refinement 90 m DEM and reconstructed SRTM30 from SRTM90 was presented using bicubic polynomial interpolation at USA. Using SRTM90 as a source to generate DEM was similar to the original SRTM30 [13] .
Moreover, the planimetric adjustment of elevation data to the SRTM DEM was evaluated by using correlation which applied to geo-reference any geographic dataset [8] .
Evaluation the predicted SRTM30 from the freely available SRTM90 by using means of different interpolation orders were also reported [5] , where the fourth polynomial order used and the interpolated SRTM30 was better than other polynomial degrees specially the third order (bicubic) which was widely used [13] . More studies are further warranted to create another interpolation method to improve the results [5] .
All previous studied were concerned with SRTM30 DEM and SRTM90 DEM only (30 meter DEM resolution and 90 meter DEM resolution). However, in this study different types of interpolated data with
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The 30 meter and 90 meter SRTM DEM are available without restraint and they are freely available for USA by using Seamless Data Distribution [19, 20] http://seamless.usgs.gov/
IMAGE RESIZING AND GEOTIFF IMAGE
Rescaling, resampling or resizing a raster image represents creating a new raster cell grid on a different alignment than the original raster. A value for each cell in the new raster object must be computed by resampling or interpolating over some neighboring cells in the corresponding position in the original raster object. This process offers a number of different resampling methods to compute the new raster values [14] .
Increasing the size of an image is called up-sampling while reducing its size is called down-sampling. The resampling or resizing process is available in MATLAB and this process had been used by the author. However, the problem is how to keep the sample with the same dimension because SRTM90 DEM and the predicted DEM must have the same dimension tile where each covering one degree by one degree in latitude and longitude so it is called sampling. Therefore, the interpolated elevations Z coordinates had only taken into consideration without changes while the changes occur only for X, and Y coordinates which changed into a new cell dimension. This indicates the reason to export the data in ASCII format which is very suitable and had very good results. Image resize can be achieved by three interpolation methods that are available in MATLAB; bicubic, bilinear and nearest neighbor that had been discussed extensively in MATLAB product help.
Any terrain with geographic coordinates (LatitudeLongitude or UTM) and equal grid spacing between points can be saved as a GeoTiff DEM file. GeoTiff DEMs are similar to Tiff (*.tif) graphics files except that the file contains a grid of 16 
THE WORKING PROCESS
The SRTM30 original data have been made available to the public only for North America. Therefore, this study belong a part of USA which has one arc-second (SRTM30). In the present study, the area bounded between 40º N to 41º N latitudes and 105º W to 106º W longitudes was considered as shown in Figure1. This area covered one degree by one degree squared, contains smoothly sloped, sharply sloped, flat terrain and rugged mountains and have elevations varied from 1466 meter to 4293 meter.
The available free data of the study area of SRTM90 version2_1 have the elevations in integer values and consist of (1201 rows *1201 columns) with pixel size of 0.000833 arc degrees. This available data only use the averaging method which constructed from SRTM30. Moreover, SRTM90 developed by using sampling method by the author to compare the averaging and sampling methods. Figure 2 showed the working process flow chart where SRTM90 with pixels size of 0.000833 arc degrees exported as GeoTiff files with the same pixel size then using MATLB image processing and interpolation method available in MATLB to produce DEM with required pixel size. The produced DEM will be GeoTiff file which was exported as ASCII file. The elevation differences and statistics were estimated by a computer program. 
MATLAB INTERPOLATION METHODS
Image interpolation refers to the reconstruction of a new version of image from a subset of image data. This process called resmpling which could be achieved by using the interpolation methods. This study used the available interpolation methods in MATLAB which are bicubic, bilinear, and nearest neighbor.
Bicubic Interpolation
The closest 4 x 4 block of input cells is used to compute each output cells value. The weighting factors for the average of the input cells are computed using a cubic (third-order) function of distance.
Bicubic Interpolation attempts to reconstruct the exact surface between four initial pixels. It does this by extracting sixteen pixels based on the values of the model, the X slopes of those values, the Y slopes of those values, and the XY slope cross products of those values. It turns out that any point on a two dimensional unity normalized surface can be represented by a set of sixteen cubic polynomial equations [25].
Bilinear Interpolation
In this method the output cells value is the linear distance weighted the average of the four closest input cell values. It is more suitable for sampling of a smaller output cell size.
Bilinear interpolation is an easy method for interpolating values on a rectilinear grid. The function is called bilinear because if one variable set to a constant, the function is linear in the other variable. In other words, each cross section of a bilinear surface area taken parallel to a coordinate axis is a line segment [25].
Nearest Neighbor Interpolation
Each cell value in the sampled raster is determined by simply copying the value from the closest input cell. This method is more suitable for re-projecting a raster object (without a change in cell size) when preserving the original cell values for later quantitative analysis is important [25].
EXPERIEMNTS AND RESULTS
In order to compare the results between the produced DEM and SRTM30, many computer runs had been carried out using the SRTM90 (1201*1201) pixels data from the internet (using averaging method) and the developed SRTM90 ( using sampling method) that have pixel size 0.000833 arc-degrees. The produced DEMs have pixels size values 0.000208, 0.000167, 0.000139, 0.000119 and 0.000104 arc-degrees. It could be done more or smaller pixels size but it will be exhausted and the results will have insignificant changes.
The created DEMs which have pixel size 0.000104 arc-degrees are shown in Figures 3 and 34 . The created DEMs by using two methods; the available free SRTM90 which created from SRTM30 by using averaging method (Figure 3) , and the developed SRTM90 by using sampling method (Figure 4 ). The elevation differences between SRTM30 and the produced DEMs with different size of pixels from both averaging and sampling methods are shown in Figure 5 and Tables 1-6. The results of produced SRTM DEM using different interpolations of SRTM90 version 2_1 with the methods available in MATLAB (bicubc, bilinear, and nearest neighbor) are shown in Tables 1-3 . The elevation differences between predicted SRTM DEMs with different resolutions and real SRTM30 together with their relevant statistics are presented. It can be noticed that the pixel size 0.000104 arc-degrees has better results than others types of pixels specially by using bicubic interpolation which has the least values about (0.09%) of area controlled by ± 16 meter. Also, the differences of means, and RMSE achieved by the bicubic interpolation, aligned with bilinear, and nearest neighbor interpolation were obvious. It could be concluded that the interpolation resulted in the best results compared with the other polynomial interpolation when the bicubic method was used.
The results of produced SRTM DEM using different interpolations of developed SRTM90 DEM from SRTM 30 DEM with the methods available in MATLAB (bicubc, bilinear, and nearest neighbor) are shown in Tables 4-6 . The elevation differences between predicted SRTM DEMs with different resolutions and real SRTM30 together with their relevant statistics are presented. It can be noticed that the pixel size 0.000139 arc-degrees has better results than others types of pixels specially by using bicubic interpolation which has the least values about (0.10%) of area controlled by ± 16 meter. Also the differences of means, and RMSE achieved by the bicubic interpolation, aligned with bilinear, and nearest neighbor interpolation were obvious. It could be concluded that the interpolation resulted in the best results compared with the other polynomial interpolation when the bicubic method was used.
It is obvious that SRTM90 using averaging method which have pixel size 0.000104 arc-degrees and by using bicubic interpolation have the best results at all and has minimum RMSE and mean differences. Also the sampling method had insignificant results compared with averaging method by using bicubic interpolation. It is apparent also that the worst interpolation method is nearest neighbor, while bilinear interpolation has significant differences from bicubic interpolation. By using bicubic interpolation and pixel size 0.000104 arcdegrees, the number of pixels controlled by ±16 meter was 0.09 % of the total number of pixels while it was 0.11% by using the sampling method. 
Figures (4): (a) SRTM90 created from SRTM30 using sampling method, (b) pixel size 0.000104 arc-degrees DEM reconstruction by using bicubic (c) by using bilinear, and (d) by using nearest neighbor interpolation
Figure (5): (a), (b), and (c) The elevation differences between averaging SRTM90 and produced DEMs which have pixel size 0.000104 arc-degrees by using bicubic, bilinear and nearest interpolation respectively. (d),(e), and (f) The elevation differences between sampling SRTM90 and produced DEMs which have pixel size 0.000104 arc-degrees by using bicubic, bilinear and nearest interpolation respectively.
EFFECT OF VOID EXISTING
Pre-processed data by using SRTM has some typical problems that could be found from the original SRTM DEM such as the existing of land data voids as shown in Figure 6 .a and large voids of the water body.
During the acquiring of DEM data with bicubic interpolation, it was noticed that however decreasing the pixels size, the percentage area had difference elevations not less than 9% as shown in Figure 6 .b. During analysis of results, it was noticed that the void existing in SRTM90 has an area about 0.08% of the total area as shown in Figure 6 .a, where the SRTM90 constructed from SRTM30. Therefore, the voids have not a good treatment and the interpolation methods used to fill the voids were not quite ideal. Moreover, it was found that the voids existing affect the adjacent area so that it was impossible to get better results than that had been obtained as mentioned in Figures 7 . Hence, the voids must be patched at first with new techniques to obtain superior results of DEM. 
CONCLUSION
The bicubic interpolation method that is available in MATLAB and used to interpolate SRTM90 DEM to get a new version of SRTM DEM was better than other interpolation method (Bilinear, and Nearest neighbor) and is characterized by its effortless and simplicity. Nearest neighbor interpolation is not desirable to use at all as bilinear interpolation gives rather accepted results.
Moreover, bicubic interpolation produced SRTM DEM with a high resolution could be rise up to 0.000104 arc-degrees that had the better results than the other resolutions. It could be concluded that the voids presented in SRTM90 DEM that were produced from SRTM30 DEMs affected the results which mean that the voids existing in SRTM90 DEM or SRTM30 were not treated enough.
More studies are further warranted to create another method to improve the filling of voids which exist in SRTM DEMs.
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